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Local  and  migratory  movements  of  Hawaiian 
humpback  whales  tracked  by  satellite 
telemetry 
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Introduction 

Our  anient  knowledge  of  the  seasonal  distribution  and  move¬ 
ments  of  humpback  whales  ( Mcgaplera  novaeangliae )  in  the 
North  Pacific  Ocean  has  been  pieced  together  from  whaling 
data,  photo-identification  studies  (Baker  et  al.  1986;  Darling 
and  Jurasz  1983),  and  DNA  analysis  (Baker  et  al.  1990).  The 
calving  and  breeding  population  that  overwinters  around  the 
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Hawaiian  Islands  (Herman  and  Antinoja  1977;  Herman  et  at. 
1980)  has  been  linked  primarily  to  southeast  Alaska  during 
the  spring/summer/fail  feeding  season  (Baker  et  al.  1985; 
Darling  and  McSweeney  1985).  However,  a  few  identifica¬ 
tion  photographs  match  animals  identified  in  Hawaj'j  to  ani¬ 
mals  at  California  summer  feeding  sites  (Baker  el  al.  1986) 
and  also  to  animals  at  a  Mexican  winter  breeding  area  800  km 
south  of  the  tip  of  Baja  California  Sur,  Mexico  (Darling  and 
McSweeney  1985).  Despite  efforts  to  relocate  humpback 
whales  at  sea  during  the  migration,  few  have  been  observed 
and  the  actual  migration  route(s)  is  (are)  unknown  (Baker  et 
ai.  198S).  Several  investigators  have  used  photo-identifka- 
tion  of  individual  whales  to  study  inter-island  movements  and 
Identify  where  whales  migrate,  but  coverage  areas  are  large 
and  the  relative  proportion  of  identified  individuals  is  low.  As 
a  consequence,  analyses  of  resightings  provide  conservative 
estimates  of  travel  speed.  Obtaining  accurate  speed  estimates 
on  migration  routes  requires  considerable  survey  effort  at 
many  sites  to  delect  departure  and  arrival  times. 
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Housing  and  attachment  of  a  satellite-monitored  radio 
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transmitter  u$ed  to  tag  humpback  whales  in  March  and  April  1995  off  Kaua'i, 


aC  fir1 10  ?Munfn* thc  details  of  inter-island 
*  eSUrl 'y  m,ere,1Qn  route  of  Hawaiian  hump- 
SdtoreSS,™  °f  “fcllfe-roonitored  radiotelemetr?. 

Radiotetemetiy  requires  no  additional  field  effort  after  tag- 

£J*  *  0£B  *  freqUCnt  (locations)  that  prt 

vide  detailed  m.gratoty  and  local  movement  data. 

Materials  and  methods 

a"d  2  April  ,995>  we  tagged  ^  humpback 
whales  off  the  southwesi  coast  of  Kauai  with  Areas  saielliicmoni 

K2E525K  (UHF)  ra-di°  **  **  ».»  Conce¬ 

it  AtoZZTJ?  Service  uses  receive*  on  National  Oceanographic 

^eimfmR^^  n,fatl0n  ttlevision  «w<  cbserSal 
orbits  fFaMv  “w,itcs  in  S“n*synchronous  poUr 

shift  ofrccriwvt  ^  Locat,.ons  aK  calculated  from  the  Doppler 
2?  EZL?  ^  ,e*0,Un*  *»  movement  of  the  atd- 

depenttent  ^  *»*»  of  messages 
wwv^d  and  on  the«r  apaong  during  satellite  passage  over  the  trans- 
duration  1 0  m.n,  maximum  duration  16  min).  Each  of 

Each  tag  (Fig.  1)  consisted  of  a  Telonics  ST-1 0  transmitter  housed 
J"  ®|1^"1*af'.steel  cylinder  (25  cm  diameter  sc  1?  cm;  495  g)  with 
iife  a^7^i  rt!1,0nlAC*CClf  b3Kerfes' We  estimated  the  tag's  operational 
(3mmx  ^7  era)  of  stainless-steel  able 
“£*d  1k  WRp  W2S  mc,unled  in  “  endcap.  Next  to  the 

2" 8  Jj«*  of  «ble  «ilh  its  lower  balflrink-wrapped 
wh£  n  conductivity  sensor  to  prevent  the  tag  from  transuiK 
Pr0l^8i^  b,l“*  “&■ Two  stein iess-$tej 

ine.  Eadi  a^W^i?  mm  .*  15.cm^  were  ^ver-soldered  to  the  hous¬ 
ing.  Each  anchor  had  a  cutting  blade  and  1 0  stainless-steel  wires  (0  2 

dis,aI  “d-  **  SSSS522 

latOTl  displacement  (and  therefore  bold  better)  if  the  teg  started  to 

£2, TOjaSL^”'"”1"5  *"*“  “  •>  moreS 

W:  tagged  whales  laic  in  their  Hawaiian  Island  occupancy  to 


wtamlne  inter-island  movements  and  their  departure  points  for  the 
epnng  migration  to  Alaska.  All  whales  were  tagged  between  Pori 

tEZS&S?*  w!tWn8^  cf  shore  £5”" 
haler  with  twin  70-h.p.  engines.  We  slowly  approached  individuals 
and  groups  .of  up  to  six  animals  to  within  3-7  m  for  tannine.  T»oc 
were  applied  with  *  modified  68-kg 

C-shapedCupat  tee  end  of  a  pushraS  held  the  tag  Zi  a  tSKri™ 
recovered  the  pushrod  after  teg  attachment.  8  5 

Locations  were  edited  from  the  date  if  the  calculated  speed 
toween  consecutive  locations  exceeded  12  km/h  for  periods  >2  Wr 

}£2X"."**  **  h  (toumin«  2  5-km  error  around2 Mch 

Results 

Whales  exhibited  no  observable  overt  reaction  to  tannine 

‘  Cl0Se  boat  ^ch  without  taSng 
we  obtained  data  for  0.5-17  days  (x  =  8.5  *  2.7  A»v«wwJt 

all  six  whales  CTabJe  1):  a  female  with  a  calif,  four  Adults  of 
unknown  sex,  and  a  smaller  whale  of  unknown  sex  that  may 
have  been  immature.  The  number  of  locations  varied  from  1 
To  ^ n  'P*  “““*<*  of  lotions  per  day  varied 

and  mov'dl! ^  Z  ^  1  ~  °'03  ,ocat»°ns/day)  per  individual 
and  provided  records  of  movements  ranging  from  30  to  i860 

km,  for  a  total  of 5240  km  (i  =  870  :£  298lun) 

Approximately  80%  of  all  the  animals  we  encountered  dur¬ 
ing  the  2-week  field  season  moved  from  east  to  west  alone 
the  southwest  side  of  Kaua'i.  Five  of  the  tagged  whale! 
moved  clockwise  (starling  with  east  to  west  movement)  along 
the  Kaua  i  coast.  Four  of  the  six  tagged  whales  were  relocated 
exclusively  near  or  north  of  Kaua'i.  One  whale  (  No.  4)  was 
relocated  only  once,  32  km  from  the  tag  site,  11  h  after  tag- 

Inter-island  movements; 

TW  the  Whales  (Nos.  3  and  5)  visited  other  islands  (Fig. 

Z).  Whale  3  nearly  ciicumnavjgaicd  Kaua'i  before  traveling 

£  kU25l°S?  ?f  ?abU’  a*°!al  0f  250  km- in  3.9  days (x  I 
oO  km/day).  Whole  5  moved  clockwise  around  Kaua'i  to  the 
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Table  1.  Summary  Of  tagging  duration,  edited  locations*  distances  traveled,  and  average  liavel  speeds  (distance/time) 
of  six  humpback  whales  equipped  with  satellite-monitored  radio  tags  in  March  and  April  1995  off  K*uarit  Hawaii . 
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Whale  No. 

Age 

Tagging 

date 

No.  of 
edited 
locations 

Time 

(days) 

Distance 

(fan) 

Avg.  speed 
(km/day) 

1 

Adult/calf 

26  Mar. 

12 

4  S 

670 

150 

2 

Adult 

27  Mar. 

32 

14.7 

1610 

no 

3 

Adult 

27  Mar. 

7 

3.9 

250 

60 

4 

Adult 

1  Apr. 

1 

0  5 

30 

60 

5 

Adult 

1  Apr. 

33 

93 

820 

80 

6 

Juvenile? 

2  Apr. 

66 

17,0 

I860 

110 

Tbtal 

151 

50.7 

5240 

Unweighted  mean  £  SE 

&5±2.7 

870+290 

90+14 

Fig.  2,  Tagging  locations  and  movements  of  three  satellite-monitored  humpback  whales  tagged  in  March  and  April  1995  off  Kaua  i,  Hawai  L 
Whale  1  is  a  female  with  a  calf  and  whales  3  and  5  are  adults  of  unknown  sex. 
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i,  toward  Alaska  on  a  hiding  very  dose  to  magnetic  north. 


Humpback  (Thales 
1995 

A  Whale  2 
•  Whale  6 


I  HAVyAl'l  4^“ 

—  ** 09  PC  | 

"°”J’east  ®°“t>  ®c[°ss  ^  Kaua'i  OtanneJ  lo  Oahu,  aJong  the 
»wfo«aa  ofOabti, lhen  acr0ss  thc  Kaiwi  Channel  to  the 
orthwea  tip  of  Molokai,  south  to  Penquin  Bank  (southwest 

SinSiM*^?0  ,hC  Kal°hl  Channcl  between  Molokai, 

ff  lgRn2),'  ^  9‘9  11,6  Wha)e  ,raveIcd 

least  820  km  (r  »  80  knt/day)  through  thc  coastal  waters  of 


n”‘" * 1 —  “P“  «-  W  be- 

Migration 

-1'  ?•  “* *>  •*”«  Oflitan.  « 

whale, moving 670 km  in  4.5 days  a = U9k^/Z  ?k&Sfc8' 

aouJt  of  unknown  aec  and  se*  nsrn  in-*  *“*-  ™ 

km  b«w«n  32  Iraltons  |„  H.7  dlv,  G  -  nofaw*.?  14,0 

no  ta/*rtbS8f 

uowiown  SCX  (No,  o,  Fig*  3)  that  was  last  located  1496  km  on 

~jss2:  »'nss"t  — -  s? 

Speeds 

Travel  speeds  of  individual  whales  ranged  from  60  to  im 

Spced  oFtd1  a“  ™«  90±  14  kS 
(rittSartSi m  t^^haJes  traveK”«  within  the  islands 

?  »W<*  averaged  120  km/da y  (raj*  llcSTsoS/dayt  ThS 
two  longest  ranging  animals  (Nos.  2  and  6)  bad  identical 

£2?  *"*  <45  ^  ^  ^rprisingly,  animalT  S! 
moved  in  a  more  consistent  direction  probably  traveled 
longer  distances  between  locations  and  had  higher  average 

S^rk>fTf0Vefent  than  wha,e*  meandering  among  the 
slands.  The  extent  to  which  whales  meander  may  provide 
insight  into  some  whale  behaviors  (searching  for  me? or 

rfiranil^f  m,8ration)  and  can  be  expressed  «  a  percentage 
of  total  distance  traveled  to  achieve  the  “net”  moveS 

1 {If  “  toe  wh?le's  **  location.  Thus,  the 
*  ^U^No‘ mcaadered  more  (39%  net  straight. 

Uielau^tei?  ^‘^r10^81  nat^RS  whalc  (*»*>•  Fbr 

*- sar  <"w<1  f,°”  * mva 

s^ssrn”£  'jr  i~,ii“s  p”  «v-  •"*■&!£ 

per  d^v  f27l  Jhir?  ^y  “  nu™»>*  locations 

pw  day  (2-7),  so  her  high  average  speed  (149  km/day)  was 

not  biased  upward  by  the  fact  that  she  had  more  locations  per 
day  than  other  whales.  ons  P°r 

tor  sure  why  we  stopped  receiving  message*.  However 

5“,J°W*Up  0bscrvali°ns  of  11  of  12  tagged 
right  whales  (Eubaloena  glacialis)  (Mate  et  al.  19971  there 

w«e  no  signs  of  any  serious  injury  or  mortalities.  We  believe 

2^==i.,5i.’£ ,te  “e'  "acta""K 

Discussion 

raIdJ!tv^,?-tWeCnjUSt  2  few  Argos^letermined  locations 
each  day  rcsub  in  conservative  estimates  of  distance  traveled 
and  speed.  The  speeds  reported  here  are  close  to  those 
observed  for  satdlite-monitorcd  right  whales  traveling  com- 
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parable  distances  at  3 -5-3.7  km/h  (Mate  and  Nieukirk  1997) 
and  for  a  northbound  migrant  gray  whale  ( Eschrichtius 
robustus)  at  4-5.1  km/h  monitored  by  conventional  telemetry 
(Mate  and  Harvey  1984).  J 

The  trend  of  tagged  whales  to  move  in  a  similar  direction 
around  Kaua'i  and  the  high  degree  of  mobility  they  demon¬ 
strated  within  the  Hawaiian  Islands  suggest  that  at  times,  ani¬ 
mals’  movements  may  not  be  random.  Thus,  if  whales 
sometimes  move  in  a  consistent  direction,  surveys  to  estimate 
the  population  need  to  be  carried  out  in  a  short  period  of  lime 
to  avoid  counting  animals  more  than  once.  Baker  and  Herman 
(1981)  suggested  that  whales  move  into  Hawai'i  at  the  south¬ 
east  end  of  the  island  chain  at  the  beginning  of  the  winter  sea¬ 
son  and  depart  from  Kaua'i,  the  most  northwesterly  island. 
Hie  three  departures  we  documented  from  Kaua'i  support  the 
latter  pan  of  their  hypothesis,  but  indicate  that  movement 
through  the  islands  is  not  unidirectional. 

With  the  exception  of  Penquin  Bank,  which  is  a  shallow 
area  of  known  humpback  whale  concentration,  travel  between 
islands  appeared  to  be  reasonably  direct.  This  suggests  that 
humpback  whales  in  Hawai'i  have  a  stronger  preference  for 
shallower  coastal  waters  than  for  deeper  inter-bland  chan¬ 
nels.  The  movement  of  the  female  (No.  1)  with  a  calf  could  be 
an  exception.  Females  with  calves  are  frequently  among  the 
last  whales  to  leave  the  islands.  If  the  tagged  female  with  a 
caJf  (No.  1)  had  not  actually  left  the  islands  to  migrate,  its 
meandering  route  is  more  understandable  and  may  represent 
offshore  milling  behavior  as  the  calf's  strength  develops. 

The  cue*  humpback  whales  use  to  navigate  daring  migra¬ 
tion  are  unknown.  The  consistent  direction  and  speed  of 
whales  2  (large)  and  6  (smaller)  moving  away  from  Kaua'i 
toward  Alaska  suggest  similar  migratory  corridors  for  ani- 

5S&MPre,,t  8gcs’ Which  arc  wi,hin  r  Of  magnetic  north 
(Hr31  )  (Fig.  3).  Although  these  data  are  consistent  with  the 
hypothesis  that  whales  use  magnetic  orientation  as  a  means 
of  navigation  (Walker  et  al,  1985;  Bauer  et  a!.  1985),  it  may 
be  a  coincidence  that  their  destination  happens  to  be  on  that 
bearing. 

The  direction  of  travel  for  whales  2  and  6,  if  continued, 
would  lead  to  a  destination  in  the  Gulf  of  Alaska  up  to  4200 
km  From  Kaua'i*  The  currents  north  of  Kaua'i  tend  to  be  neg¬ 
ligible  in  March  and  probably  did  not  influence  the  over^J 
trajectoiy  of  the  tagged  animals.  Humpback  whales  appear  at 
several  widely  separated  Alaskan  locations  at  the  start  of 
summer,  including  the  Gulf,  the  eastern  Aleutian  Chain,  and 
southeast  Alaska  (Baker  et  al,  1985).  The  latter  two  locations 
are  wjthin  a  few  hundred  kilometres  of  the  projected  straight- 
line  track  that  we  observed.  The  course  and  speed  of  hump¬ 
back  whales  may  change  as  they  near  Ihcir  destination.  Cray 
whales  increase  their  speed  as  they  move  farther  north  from 
their  breeding/calving  area  (Mate  and  Harvey  1984),  per¬ 
haps  in  part  because  of  progressively  less  breeding  activity 
cn  route. 

The  whale  with  the  longest  track  (No.  6;  Fig.  3)  covered 
approximately  35%  of  the  distance  to  the  Gulf.  With  a  net 
speed  of  4  km/h,  the  entire  migration  would  be  accomplished 
in  44  days.  However,  if  a  calculated  average  speed  of  5  or  6 
km/h  was  efficiently  maintained  "on  course,"  the  migration 
could  take  as  little  as  35  or  29  days,  respectively.  Proof  that 
such  average  speeds  are  sustainable  comes  from  one  photo- 
identified  humpback  whale  observed  in  Hawaii  37  days  after 


its  sighting  in  southeast  Alaska  (Gabriele  et  al.  1996). 

These  satellite-monitored  radio-tag  data  arc  the  first  to 
describe  the  route  and  initial  rate  of  travel  for  the  spring 
migration  of  humpback  whales  from  Hawai'i.  Tagging  ear¬ 
lier  in  the  winter  season  and  with  longer  duration  tags  will 
produce  more  information  about  inter-island  movements. 
Tagging  at  different  islands  will  generate  more  information 
about  migration  departure  points.  Longer  duration  tags  will 
belter  describe  the  migration  routes  and  rates. 
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